The aim of this study was to examine the hypothesis of a link between frontal cortex and two executive functions in working memory: the capacity to perform a dual task and the ability to inhibit irrelevant information. A dual task designed to assess the capacity to perform storage and processing simultaneously and a directed forgetting task designed to assess the capacity to actively inhibit no-longer relevant information were administered to a group of patients with focal frontal lesions and to a group of control participants. The results revealed that despite showing reduced short-term storage, frontal patients performed the dual task and inhibited the no-longer relevant information as well as control participants. These findings suggest that not all-executive processes are exclusively sustained by the frontal cortex [Quart
Introduction
The term working memory [14] refers to a system involved in the short-term maintenance and manipulation of information necessary for the performance of complex cognitive tasks. The model proposed by Baddeley [9] includes two slave systems ensuring temporary storage of information, the phonological loop and the visuospatial system, and an attentional system, the central executive (CE). Baddeley suggested that the CE is essentially equivalent to the Supervisory Attentional System (SAS), which is needed in novel or problematic situations, such as planning future actions and decision-making [43] . One important characteristic of the SAS is its non-unitary nature [48] [49] [50] [51] [52] [53] [54] . Baddeley [10] also distinguished between different CE functions, among which the ability to select and manipulate information in long-term memory, to select relevant information while rejecting (inhibiting) irrelevant material, and to coordinate two or more concurrent activities.
In a recent review of the neuroimaging studies on working memory, Smith and Jonides [56] showed that short-term storage (on the order of seconds) for verbal materials depends on frontal areas such as Broca (Brodmann area (BA) 44) and the left supplementary and premotor areas (BA 6). D'Esposito et al. [26] showed that other frontal areas (BA 9, 45, 46) might also be involved in short-term storage. However, although storage processes (the phonological loop and the visuospatial sketchpad) have been investigated from a neuropsychological point of view in numerous studies, the CE has received little attention in comparison. This led Smith and Jonides [56] to suggest that the 'highest priority is to turn now further attention to executive processes and their implementation in the frontal cortex' (p. 1660).
Empirical evidence from neuroimaging studies (e.g. [23, 44] ) and from studies with brain-damaged patients [21, 25, 39, 45] supports the involvement of the frontal cortex (i.e. dorsolateral frontal areas, BA 9 and 46 and anterior cingulus, BA 24) in executive processes such as coordinating a dual task and inhibition. The picture is not that straightforward however, and the univocal relation between these functions and the frontal cortex is still debated. With regard to the ability to perform concurrent tasks, Frisk and Milner [30] did not observe any impairment in patients who had undergone frontal lobectomies, and neither did Vilkki et al. [61] in patients with focal frontal lobe lesions following surgery for excision of tumors. Also, in the last study looking at the effect of focal frontal lesions on performance in dual task situations, Baddeley et al. [13] showed that whilst frontal patients with signs of dysexecutive syndrome 0028-3932/02/$ -see front matter © 2002 Elsevier Science Ltd. All rights reserved. PII: S 0 0 2 8 -3 9 3 2 ( 0 1 ) 0 0 1 8 2 -8
